Uterine leiomyomas are extremely common estrogen and progesterone-dependent tumors of the myometrium and cause irregular uterine bleeding, severe anemia, and recurrent pregnancy loss in 15-30% of reproductive-age women. Each leiomyoma is thought to arise from a single mutated myometrial smooth muscle stem cell. Leiomyoma side-population (LMSP) cells comprising 1% of all tumor cells and displaying tumor-initiating stem cell characteristics are essential for estrogen-and progesterone-dependent in vivo growth of tumors, although they have remarkably lower estrogen/progesterone receptor levels than mature myometrial or leiomyoma cells. However, how estrogen/progesterone regulates the growth of LMSP cells via mature neighboring cells is unknown. Here, we demonstrate a critical paracrine role of the wingless-type (WNT)/β-catenin pathway in estrogen/progesterone-dependent tumorigenesis, involving LMSP and differentiated myometrial or leiomyoma cells. Estrogen/progesterone treatment of mature myometrial cells induced expression of WNT11 and WNT16, which remained constitutively elevated in leiomyoma tissues. In LMSP cells cocultured with mature myometrial cells, estrogen-progesterone selectively induced nuclear translocation of β-catenin and induced transcriptional activity of its heterodimeric partner T-cell factor and their target gene AXIN2, leading to the proliferation of LMSP cells. This effect could be blocked by a WNT antagonist. Ectopic expression of inhibitor of β-catenin and T-cell factor 4 in LMSP cells, but not in mature leiomyoma cells, blocked the estrogen/ progesterone-dependent growth of human tumors in vivo. We uncovered a paracrine role of the WNT/β-catenin pathway that enables mature myometrial or leiomyoma cells to send mitogenic signals to neighboring tissue stem cells in response to estrogen and progesterone, leading to the growth of uterine leiomyomas.
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WNT/β-catenin signaling | paracrine signaling | tumor biology U terine leiomyomas (LM), the most common pelvic tumor in women, are benign smooth muscle tumors originating from the myometrium (1) . Uterine LMs occur in ∼70% of white women and more than 80% of African-American women by age 50 y and cause excessive uterine bleeding, anemia, recurrent pregnancy loss, preterm labor, pelvic discomfort, and urinary incontinence in ∼15-30% of cases (2, 3) . They are the most common indication for hysterectomies (2, 4) . Despite their high prevalence, the cellular and molecular origins of uterine LM remain poorly understood.
Somatic stem cells are a subset of cells residing in normal adult tissues that, through asymmetric division, retain their ability to self-renew while producing daughter cells that go on to differentiate and play a role in tissue regeneration and repair (5, 6) . Likewise, tumor-initiating cells are a subset of cells within a tumor cell population, which also through asymmetric division retain the ability to sustain tumors (7, 8) . The side population (SP) cell phenotype was described first in bone marrow, where a somatic stem cell population was identified based on its ability to extrude the DNA-binding dye Hoechst 33342, a phenomenon that is associated with the expression of ATP-binding cassette transporter G2 (8) . The SP phenotype is thought to be a universal marker of somatic stem cells and has been used to isolate them from many adult tissues, such as the myometrium, endometrium, and mammary gland (9) (10) (11) (12) . We and another group have reported that SP cells from human LM exhibit key features of the tumor-initiating cells (13, 14) .
It has been proposed that each LM originates from a single transformed somatic stem cell of the myometrium in an ovarian steroid-dependent manner (15) ; however, this suggestion has not been proven definitively. Human and mouse myometrial (MM) tissues contain multipotent somatic stem cells, a subset of tissue responsible for regeneration in an estrogen-and-progesterone (E+P)-dependent fashion (5, 10, 16) . E+P-dependent in vivo growth of human LM tissue requires the presence of these multipotent somatic stem cells (13, 14) . Compared with the main, mature LM cell population or normal MM cells, however, LM stem cells express remarkably lower levels of estrogen and progesterone receptors (13, 14) , and their growth requires the presence of mature MM or LM cells with higher levels of the steroid receptors and their ligands. This requirement suggests that steroid hormone action on LM stem cells is mediated via mature MM cells (tumor initiation) or mature LM cells (growth maintenance) in a paracrine fashion. It is likely that this paracrine interaction with the surrounding cells supports the self-renewal of LM stem cells (10, 14) .
β-Catenin exists in multiple cellular pools and serves diverse functions. In its basal state, β-catenin is localized mainly to the intercellular (adherens) junctions, where it is bound to the cytoplasmic domain of E-cadherin and plays a role in the regulation of cell-cell adhesion (17) . In the presence of canonical wingless-type (WNT) MMTV integration site family signaling or as a consequence of the destabilization of the cadherin-catenin Significance Stem cells and the ovarian steroids estrogen and progesterone are essential for leiomyoma tissue growth. The underlying mechanisms are unknown, particularly because leiomyoma stem cells are deficient in estrogen and progesterone receptors. Expression of these receptors is much higher in surrounding mature myometrial or leiomyoma smooth muscle cells. Here, we demonstrate that wingless-type (WNT) acts as a paracrine signal from estrogen/progesterone receptor-rich mature cells to activate the canonical β-catenin pathway in leiomyoma stem cells. Our findings suggest a paracrine role for the canonical WNT pathway in the growth of leiomyoma tumor.
complex, activated β-catenin translocates to the nucleus and binds to the T-cell factor (TCF)/lymphocyte enhancer factor (LEF) family of transcription factors, resulting in the expression of specific target genes (17, 18) . Because many β-catenin target genes, such as c-Myc, WISP1, and cyclin D1, are involved in cell proliferation, β-catenin signaling plays an important role in development and neoplasia (17) . Selective overexpression of constitutively activated β-catenin in uterine mesenchyme during embryonic development and in adults gives rise to LM-like tumors in the uterus of all female mice (19) , suggesting that signaling by WNT/β-catenin may play a role in somatic stem cell function in the myometrium and in uterine LM tissue. Selective deletion of β-catenin in uterine mesenchyme during the embryonic development significantly reduces uterine size and replaces it with adipocytes, thus completely disrupting the normal MM smooth muscle differentiation and regeneration (16) . This effect suggests that β-catenin plays a key role in stem cell renewal and differentiation to the smooth muscle phenotype observed in MM and LM tissues (5) . The size and number of β-catenin-driven LM-like tumors increases with parity in mice, suggesting that steroid hormones may interact with activated β-catenin to accelerate tumorigenesis (19) . Moreover, activated β-catenin induced the expression of TGF-β3, which was shown to induce proliferation and ECM formation in human LM tissue (19) .
These observations indicate that unique interactions exist between β-catenin activation, estrogen and progesterone action, and growth via stem cell renewal; we hypothesize that these interactions ultimately give rise to clonal expansion of uterine LM. Given that WNT signaling is known to control cell-fate decisions throughout development and in adult stem cells, we further posit that the relevant target of β-catenin-mediated tumorigenesis is a progenitor cell type that gives rise to LM cells rather than a mature smooth muscle cell. Here, we uncover a paracrine role of WNT ligand, originating from mature MM or LM smooth muscle cells in response to E+P, which then acts on adjacent LM stem cell-like tumor-initiating cells to stimulate selfrenewal and proliferation, eventually leading to tumor growth.
Results

Inhibitor of β-Catenin and T-Cell Factor 4 Inhibits the Generation of
Human LM-Like Tumors in Immunodeficient Mice. We assessed whether the β-catenin pathway is required for E+P-dependent tissue growth in human LM xenografts. Primary cultures were prepared from human whole LM tissues and were transfected with adenoviral vectors expressing inhibitor of β-catenin and TCF4 (Ad-ICAT) or GFP (Ad-GFP), as control (Fig. 1A) . One million LM cells were transplanted under the kidney capsule of ovariectomized immunosuppressed mice, which then were treated with E+P for 8 wk (SI Materials and Methods). Each xenografted cell pellet was analyzed for tumor formation ( The β-Catenin Pathway Is Intact in MM and LM Cells. Prior studies using embryological models indicated that LiCl stimulates β-catenin activation by inhibiting glycogen synthase kinase-3β (GSK-3β) activity directly (20, 21) . To demonstrate the integrity and function of the β-catenin pathway in MM and LM cells, we investigated the effects of LiCl on intracellular β-catenin levels and signaling. Members of the TCF/LEF transcription factor family and β-catenin mediate WNT target gene transcription in the nucleus; the basal activity of this pathway in MM and LM cells is unknown. To assess the activity of the β-catenin signaling pathway, we used a reporter gene construct containing a β-catenin/ TCF/LEF response element and performed dual-luciferase reporter assays.
Cells were incubated with LiCl (30 mM) for 24 h. ICAT pulldown assays revealed that active β-catenin levels were increased significantly in LiCl-treated MM and LM cells (Fig. S1A ). LiClinduced β-catenin activation also led to increased transcription from the TCF/LEF reporter gene with an average twofold increase in luciferase activity in MM and LM cells compared with NaCl-treated controls (n = 6, P < 0.05) (Fig. S1B ). Curiously, LM and MM primary cultures appear to manifest a substantial baseline of GST-ICAT-precipitable β-catenin. Activation of β-catenin signaling has been observed spontaneously in a number of primary cell cultures (22, 23) , suggesting that it may be a common feature of adapting primary cells to in vitro cultures.
We next tested whether E+P treatment stimulates β-catenindependent TCF/LEF reporter activity in MM and LM cells. E+P treatment increased TCF/LEF reporter activity by 1.5-fold in MM cells, whereas no E+P induction was observed in LM cells (n = 6 in each group; P < 0.05) (Fig. S1C ). These results indicate that the β-catenin signaling pathway leading to target gene transcription is intact in both MM and LM cells, but that β-catenin signaling is further activated by E+P treatment only in MM cells. This result suggests that the β-catenin pathway is constitutively active in the majority of LM cells and may play an important role in LM. In support of these findings, adenoviral expression of an HA-tagged nondegradable form of β-catenin (Ad-S37A-β-catenin-HA) ( Fig. S2 A and B) activated β-catenin signaling and target reporter gene expression in both MM and LM cells (Fig. S2 ) in the TCF/LEF dual-luciferase reporter assay system (Fig. S2C) .
E+P Stimulates WNT Signaling Activity in Cocultures of MM and LMSP
Cells. Activation of the WNT signaling pathway results in nuclear translocation of β-catenin and heterodimer formation with TCF to activate target gene transcription (17, 24) . We examined the paracrine effects of E+P on β-catenin activation in Transwell cocultures of MM cells with LMSP or LM mature population (LMMP) cells (Fig. 2 A and B) . In LMMP cells, β-catenin was localized to the nucleus constitutively regardless of E+P treatment or coculture with MM cells in Transwells (Fig. 2B) . In contrast, E+P treatment alone did not support β-catenin nuclear translocation in LMSP cells; in these cells, E+P treatment and coculture with MM cells were necessary for nuclear localization of β-catenin ( Fig. 2A) . In Transwell cocultures both E+P treatment and MM cells also were required for the induction of the β-catenin target gene AXIN2 in LMSP cells, whereas AXIN2 expression was constitutively high under all culture conditions in LMMP cells (Fig.  2C) . These results suggest the presence of paracrine signaling from MM cells to LMSP cells upon E+P stimulation.
To confirm the paracrine effect of MM cells on LMSP cells in vivo, we conducted xenotransplantation under the mouse kidney capsule. Mice inoculated with a freshly isolated single-cell suspension (100,000 cells) of whole myometrium (MM cells only) were used as negative controls, because these cells never have produced tumors in our laboratory (25) . The largest tumors, which also had a robust growth pattern, were observed only with transplantation of 100,000 freshly isolated LMSP cells and 100,000 MM cells in E+P-treated mice (Fig. 2 D and E) . Replacing LMSP cells with LMMP cells or withholding E+P treatment did not result in significant tumor growth (P < 0.05, Fig. 2E ). The tumors were characterized by the presence of α-smooth muscle actin (αSMA)-positive cells under the renal capsule (Fig. 2F) . We confirmed that the expression of β-catenin is similar to that in the original tissue from which LMSP or LMMP were harvested (Fig. 2F) .
Disruption of WNT Signaling Suppresses Proliferative Effects of E+P
on LMSP Cells in Coculture with MM Cells. To determine whether the observed E+P enhancement of β-catenin activation and tumor growth in the mixed MM-LMSP coculture microenvironment was mediated by WNT secretion, we determined the effects of secreted frizzled-related protein 1 (sFRP1), a natural inhibitor of WNT, on LMSP cell growth. As shown in Fig. 3A , sFRP1 inhibited basal expression of the β-catenin target gene AXIN2 in LMSP cells but not in LMMP cells cocultured with MM cells. In the presence or absence of E+P, sFRP1 had little effect on the growth of LMMP cells in mixed coculture with MM cells. In contrast, sFRP1 disrupted E+P-dependent and independent growth of LMSP cells in coculture, implying that the effects of MM coculture on LMSP were WNT dependent (Fig. 3B) . These findings also indicated that E+P-induced growth of LMSP cells in coculture with MM cells is mediated by WNT signaling. The lack of inhibitory effects of sFRP1 on AXIN2 expression and cell growth in LMMP cells in coculture with MM cells suggested that WNT secretion is not a crucial mechanism for β-catenin activation in this cell type (Fig. 3 A and B) .
To assess cell-cycle stage and proliferation, we incubated mixed cocultures of LMSP and MM cells in the presence or absence of E+P or sFRP1 and then evaluated Ki-67 expression and DNA content (TO-PRO-3 iodide; Fig. 3C ). We found that LMSP cells treated with E+P gave rise to the most abundant population that progressed to S, G2, and M phase (Fig. 3C) . E+P did not stimulate Ki-67 in LMSP cells; however, sFRP1 decreased Ki-67 levels in LMSP but not in LMMP cocultures with MM (Fig. 3D) . E+P did decrease the percentage of cells in G0/G1 and increase the percentage of S-phase cells, suggesting an acceleration of progression through the G1/S interphase (Fig. 3E) . sFRP1 inhibited this E+P-dependent effect on cell-cycle progression, indicating involvement of WNT secretion (Fig. 3E) . None of these interventions altered cellular lactose dehydrogenase (LDH) levels, ruling out a general toxic effect of sFRP1 (Fig. 3F) . These experiments demonstrate a key role of WNT secretion in E+P-dependent β-catenin activation in and proliferation of LMSP cells cocultured with MM cells.
Wnt Expression of Frizzled and Low-Density Lipoprotein Receptor-
Related Protein 5/6 Genes in LMSP and LMMP Cells. Frizzled (FZD) is a family of G protein-coupled receptor proteins that serve as receptors in the signaling pathway. We systemically assessed the expression of all known members of the FZD gene family using RNA extracted from LMSP and LMMP cells. Realtime quantitative PCR analysis revealed expression of all known FZD genes in both cell types (Fig. S3 A-J) . FZD1 and FZD7 mRNA levels were significantly higher in LMSP cells than in total LM cells or LMMP cells (Fig. S3 A and G) . Low-density lipoprotein-related receptor protein 5 (LRP5) and LRP6 function as cell-surface receptors or, with FZD, as coreceptors for WNT that transduce the canonical WNT/β-catenin signaling cascade. Both LRP5 and LRP6 are expressed in LMSP and LMMP cells (Fig. S3 K and L) . LRP5 expression is significantly lower in LMSP cells (P < 0.05) than in LMMP cells. Thus, both LMSP and LMMP cells express receptors for WNT, indicating that WNT secretion from surrounding cells can be received as a paracrine factor by LMSP and LMMP cells.
Estrogen and Progestin Activate WNT11 and WNT16 in MM Cells.
Because E+P have important roles in LM growth (25), we investigated the effects of E+P on a wider range of WNT signaling pathway genes. mRNA from E+P-treated and untreated MM cells was analyzed using Human WNT Signaling Pathway RT 2 Profiler PCR Arrays. These PCR expression arrays focus on a selected panel of 84 genes related to WNT-mediated signal transduction. Compared with untreated control cells, E+P treatment induced expression of various members of the WNT pathway (Fig. S4) .
Estrogen Plus Progestin Treatment Induces WNT Expression Selectively in MM Cells. We used real-time quantitative PCR to verify the mRNA levels of the genes that showed a greater than twofold induction in MM cells after E+P treatment (Fig. 4 A-C and  Fig. S5 ). Overall, WNT expression was higher in LM than in MM cells. E+P treatment induced WNT11 and WNT16 mRNA levels in MM cells but not in LM cells. In contrast, WNT10A induction was not verified in MM cells after E+P treatment by real-time PCR (Fig. 4A) . Activation (Ad-S37A-β-cat) or inhibition (Ad-ICAT) of β-catenin signaling did not affect the expression of WNT genes in MM cells treated with E+P (Fig. S6) . These results suggest that WNT expression in MM and LM cells is independent of β-catenin activity. Finally, RT-PCR showed that the WNT16 isoform WNT16B is expressed predominantly in both MM and LM cells (Fig. 4D) .
Selective β-Catenin Inhibition in LMSP Cells Blocks Tumor Growth. As indicated above, ICAT inhibits β-catenin activity. To determine whether β-catenin activity in LMSP or LMMP cells is necessary for tumor growth in vivo, mixtures of freshly isolated LMSP and LMMP cells with or without adenoviral expression of ICAT were engrafted under the kidney capsule and assessed for E+P-dependent growth (Fig. 4E) . Only ICAT expression in LMSP cells severely inhibited E+P-dependent tumor growth (P < 0.05). This in vivo experiment clearly demonstrates the critical role of β-catenin activity in LMSP cells in tumor growth.
Discussion
We demonstrated that WNT/β-catenin signaling plays a crucial role in mediating the paracrine effects of E+P on LMSP cells with stem/progenitor cell properties. We found that a redundant system involving a number of WNT ligands (e.g., WNT11 and WNT16B) and their cell-surface FZD family receptors (FZD1 and FZD7) comprises a paracrine pathway between mature MM cells or LMMP cells and LMSP cells (i.e., LM stem cells). In our model, stimulation of mature MM or LM cells with E+P leads to secretion of WNT, which in adjacent LM stem cells activates the nuclear translocation of β-catenin and its interaction with TCF family proteins in chromatin to induce the expression of genes supporting the proliferation and growth (Fig. 4F) . Together with the strikingly lower expression of estrogen receptor α and progesterone receptor observed in LMSP cells compared with the mature cell populations (MM and LMMP) (13, 14) , our data suggest that E+P primarily induces secretion of WNT ligands such as WNT11 and WNT16 from MM or LMMP cells, which have abundant expression of estrogen receptor α and progesterone receptor (Fig. 4F) . The WNT/β-catenin signaling pathway plays a critical role in both development and adult tissue homeostasis (26) . Our model is consistent with previously described classical functions of the WNT/β-catenin pathway (26) in that it supports regeneration, proliferation, and in vivo tumor growth in LM stem cells. Recent studies also have implicated WNT/β-catenin signaling in LM and fibrogenesis (27, 28) . One group used selective deletion of β-catenin in uterine mesenchyme during the embryonic development to show that β-catenin plays a key role in stem cell renewal and differentiation to the smooth muscle phenotype observed in MM and LM tissues (5). Our observations also are in agreement with previous reports describing that the size and number of β-catenin-driven LM-like tumors are associated with increases in steroid hormone production, TGF-β activation, and ECM formation (19, 29) .
We found that the tumorigenic capacity of LMSP cells is enhanced with E+P stimulation, despite our previous work showing that LMSP cells are deficient in estrogen and progesterone receptors (13) . In the mammary structures in humans and mice, the proliferation and repopulation of mammary stem cells are regulated by steroid hormones, particularly progesterone, despite the absence of estrogen and progesterone receptors (30) (31) (32) (33) . Thus, our current observations in LM stem cells may underlie a similar progesterone-dependent paracrine interaction between mature and progenitor cells of the breast that is crucial for breast development and perhaps carcinogenesis.
Uterine LM are monoclonal tumors, with growth of the neoplasm occurring via clonal expansion from a single progenitor cell; this characteristic raises the possibility for development of new, targeted therapeutic interventions (34) . Most LM contain specific genetic mutations, such as MED12, suggesting that transformation of normal myocytes into abnormal myocytes is required at some point during the genesis of an LM (35) . MED12 encodes a subunit of the Mediator complex, which consists of at least 26 subunits and regulates transcription initiation and elongation by bridging regulatory elements in gene promoters to the RNA polymerase II initiation complex (35) . It was determined that MED12 is altered in 70% of LM tumors (35) . All mutations resided in exon 2, suggesting that aberrant function of this region of MED12 contributes to tumorigenesis. MED12 binds directly to β-catenin and regulates canonical WNT signaling (36) . Because MED12 limits β-catenin- 12.7 9.5 11.9 17.7 Ki67 (%) dependent tissue growth during embryonic development, a critical question is whether absent or defective MED12 in uterine LM stem cells or LMMP cells causes β-catenin pathway-dependent tumor growth (29, 37) . Interestingly, expression of WNT4 is markedly higher in LM with MED12 mutations than in those without mutations (38) . These observations point to a mechanism involving MED12 mutations and WNT/β-catenin activation that supports stem cell renewal, proliferation, and fibrosis in uterine LM tissue (36, 39) .
It has been reported that WNT16B expression is regulated by NF-κB after DNA damage and subsequently signals in a paracrine manner to activate the canonical WNT pathway in tumor cells (40) . It also has been shown that WNT16B is activated in fibroblasts through NF-κB and promotes an epithelial-to-mesenchymal transition through paracrine signaling in prostate cancer. Exploring a potential link between WNT and NF-κB in mature and stem cells of LM is an exciting future direction of our research. Our work has relied on Hoechst 33342-based isolation of SP cells to study stem/reservoir cell biology in uterine LM (10, 13, 14, 41) . In the future it will be necessary to develop alternative independent methodologies, such as cell sorting via a surface antigen, to isolate an LM cell population enriched in stem cells. The development of in vivo tumors from originally labeled LMSP cells would have demonstrated their stem cell nature conclusively. Despite the lack of this experiment, we have demonstrated that LMSP cells are essential for ovarian steroiddependent in vivo tumor development, which is mediated via estrogen and progesterone receptors in a different cell population sending paracrine signals via the WNT/β-catenin pathway.
Because LM cell proliferation is thought to be a critical step in LM tumorigenesis, we addressed the contribution of WNT/ β-catenin signaling to these phenotypes using cultures of human LM cells and adenoviruses (Ad-ICAT) that can inhibit WNT/ β-catenin signaling. We found that inhibition of WNT/β-catenin signaling inhibits tumor growth in vivo (Fig. 1) . Recently, Vuga and et al. (42) found that WNT5A can increase fibroblast proliferation through a noncanonical or β-catenin/TCF-independent signaling mechanism, indicating that both canonical and noncanonical WNTs may contribute to tumorigenesis. WNT10A overexpression has been observed in some tumor cells (43, 44) ; however, we did not detect a significant difference between normal myometrium and LM. Moreover, WNT10A induction was not verified by real-time PCR in MM cells after E+P treatment, perhaps because various WNT members may be overexpressed in different tumors in a cell type-and context-dependent fashion (40, 44, 45) . Given that WNT/β-catenin target genes are cell type and cell context dependent, defining the WNT/β-cateninregulated target genes in human LM requires similar unbiased approaches.
The role of aberrant WNT signaling in the development and progression of tumors such as colorectal cancer has been studied extensively (46) (47) (48) . Thus, components of the WNT pathway, particularly the accessible plasma membrane FZD receptors, are prime targets for drug development. There are, however, no drugs currently approved by the Food and Drug Administration that regulate WNT signaling at the level of the FZD receptors. It has been reported previously that niclosamide promotes FZD1 internalization and inhibits WNT/FZD function, suggesting that it may have antitumor effects (49) . It was also reported that XAV939, which inhibits the stabilization and nuclear accumulation of β-catenin by targeting tankyrase 1 and 2, which downregulates AXIN levels, blocks the growth of colorectal and lung cancer cells (50, 51) . These and other related compounds may serve as future LM therapeutics.
Taken together, our results demonstrate that sustained activation of WNT/β-catenin signaling specifically in LM stem cells enhance their regeneration and proliferation leading to in vivo tumor growth. Given that WNT/β-catenin signaling controls cell-fate decisions throughout development, often controlling the balance between progenitor cells and their descendants, selective WNT/ β-catenin inhibition in LM stem cells is a long-term therapeutic objective and would represent a paradigm-shifting strategy for controlling the size and associated symptoms of LM (52) .
Materials and Methods
Only cell preparation and adenoviral infection procedures are described here. Detailed protocols can be found in SI Materials and Methods. Antibodies used in this study are listed in Table S1 . Primer sets used in this study are listed in Table S2 .
Preparation of Human LM and MM Cells. LM and MM tissues were obtained from women (age range, 33-53 y) undergoing hysterectomy or myomectomy. Basic endocrine information (e.g., day of menstrual cycle, parity, whether oral contraception is being taken) was collected also. Written informed consent was obtained from each patient, and the Institutional Review Board of Northwestern University approved the use of human tissue specimens for human research. None of the women had a previous history of uterine cancer, 
